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Preface

In the Revised Phase II Report (June 1999), CALFED identified three broad goals for a
Water Management Strategy (WMS) to guide the implementation of water
management tools throughout Phase III of the Program.  Those goals are to:

� Develop a menu of water management tools that can be used to attain CALFED’s
water supply reliability goals;

� Identify specific water management tools from this menu that will be implemented
in Stage 1 of the CALFED Bay-Delta Program; and

� Provide a long-term decision-making framework for evaluating the success of
implementation efforts and for selecting additional tools needed to achieve
CALFED’s objectives.1

The following report addresses the third WMS goal.  It presents an initial approach to
evaluating the effectiveness of alternative combinations of water management tools in
accomplishing CALFED’s objectives over the long term.

A brief review of the relationship of this effort to other WMS goals and activities may
offer useful background and context.  As a starting point, the menu of water
management tools referred to in the first WMS goal fall under the following broad
headings:

� Water Use Efficiency Program tools (agricultural, urban, and wetland water
conservation and water recycling);

� Water Transfers Program tools;

� Water Quality Program tools;

� Conveyance, including South Delta Improvements;

� Storage; and

� Operational strategies.

To address the second goal, CALFED has recently established a Water Management
Development Team, consisting of agency and stakeholder representatives, to advise
policy makers on the appropriate tools to be implemented during Stage 1 of the
Program.  A Preliminary Stage 1 Implementation Framework is currently under
development.

1 Revised Phase II Report (June 1999) p. 53.
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In support of the third goal, CALFED has undertaken several other efforts that
contribute to the long-term framework for evaluating and implementing additional
water management tools.  Refinements to CALFED’s Water Use Efficiency, Water
Transfer, and Water Quality Programs are among these efforts.  To provide additional
information regarding the role of storage, CALFED has initiated an Integrated Storage
Investigation (ISI).

The ISI coordinates storage studies being conducted by individual CALFED agencies,
CALFED-initiated storage evaluations, and broader water management strategies and
analyses.  The ISI will provide a comprehensive assessment of alternative storage
options and their utility to overall water management.

In addition to helping finalize the WMS component of CALFED’s programmatic plan
in time for the completion of the Final PEIS/EIR Record of Decision, the ISI serves the
longer-term purpose of determining the feasibility of specific storage and conjunctive
use projects.  These efforts are expected to continue into Stage 1 of implementation of
the CALFED Program.  Studies currently underway include investigations of:

� Conjunctive Use;

� North of Delta Off-Stream Storage;

� In-Delta and Off-Aqueduct Storage; and

� On-Stream Storage Enlargement.

Studies that have already been completed and are available as input to the WMS
Evaluation Framework include:

� Reservoir Screening;

� Conjunctive Use Site Appraisals;

� Hydroelectric Facility Reoperation;

� Riverine Processes Investigation;

� Drinking Water Quality Operations;

� Operational Flexibility; and an

� Economic Evaluation of Water Management Alternatives.

This information, along with the Water Use Efficiency, Water Transfers, and Water
Quality Programs, will be considered in the proposed WMS Evaluation Framework
described in this document.  This proposed framework will allow for comprehensive
comparisons of alternative WMS approaches that emphasize different water
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management tools.  CALFED policy makers will weigh the tradeoffs associated with
these different approaches in crafting a final programmatic WMS.
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Section 1
Introduction
“The achievement of objectives is the sole reason for being interested in any decision.
And yet, unfortunately, objectives are not adequately articulated for many important
decisions.”2

Establishing CALFED’s long-term Water Management Strategy (WMS) represents an
important decision-making process in the Bay-Delta Program.  The Water
Management Strategy will define for many stakeholders in the CALFED process both
the essential benefits and consequences resulting from program implementation.  Its
emphasis on increasing the utility and access to supplies for all beneficial uses and
improving management flexibility to reduce conflicts among uses makes the Water
Management Strategy a pivotal output of the CALFED process.

This report presents a framework for evaluating alternative water
management strategies.  The framework is designed to support the
decision-making process and help arrive at a broadly supportable
WMS.  It focuses on: (1) establishing a comprehensive list of
performance measures (or evaluation criteria) that can be used to
compare the relative value of alternatives, and (2) encouraging a
creative approach to the development of successful alternative
strategies.

Like other complex decisions with multiple purposes and many diverse stakeholders,
the best place to start the search for appropriate performance measures and creative
alternatives is often a return to basics.  What are the objectives that the program is
attempting to accomplish?  Are they fully developed and clearly articulated?  Can
clear performance measures be identified which will indicate success in
accomplishing objectives?  Have creative options been advanced that provide a clear
means to achievement of every fundamental purpose of the program?  These are
among the questions that are addressed in the following report.  The answers provide
a direction and framework for further analysis and should offer the foundation for
decision making at this milestone in the CALFED program.

1.1 Mission Statement
Simply stated, the mission of the evaluation framework refinement effort is to: (1)
document a comprehensive hierarchy of objectives for the CALFED Program, (2)
establish well-defined measures of performance associated with the achievement of
objectives, and (3) provide a basis for comprehensive comparison of alternative long-
term water management strategies.

2 Keeney, Ralph L. Value Focused Thinking (1992).

The best place to start

the search for
appropriate performance

measures and creative
alternatives is often a
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In order to provide guidance and input to the effort, a stakeholder group was
identified and invited to participate.  The stakeholder process accompanying this
effort involved a series of three workshops over a period of approximately one
month, as well as individual interviews with workshop participants.  The interviews
focused on uncovering stakeholder views on overall program objectives and
identifying possible performance measures for assessing success in achieving
objectives.  The workshop process provided an opportunity to introduce concepts and
methodology, and receive feedback on the presentation of fundamental objectives,
means-ends objectives, and performance measures presented in this report.

1.2 Conceptual Approach
The overall conceptual framework for the evaluation of alternative water
management strategies involves the following series of steps:

1) Define the hierarchy of fundamental objectives.
2) Identify a network of means-ends objectives.
3) Establish the indices used to measure performance.
4) Clarify planning assumptions.
5) Evaluate water management strategy alternatives against performance

measures.

These steps are essentially iterative activities.  That is, at every point in the process, it
is appropriate to revisit the prior steps and apply knowledge learned to the
refinement of earlier conclusions.  The clarification of stakeholder values and
preferences may shed light on fundamental objectives, and it is likely that the
evaluation of alternatives will suggest or prompt the creation of additional means-
ends objectives.

This interim report presents findings related to the initial steps (1-3) in the assessment
process and sets the stage for subsequent evaluations.  It offers the essential elements
of a framework and approach.  It does not include the actual evaluation of alternative
water management strategies.

1.3 Defining Objectives and Performance Measures
The first steps in the evaluation framework involve the definition of objectives and the
establishment of performance measures.  Importantly, objectives are broken down
into two distinct categories: (1) fundamental objectives, and (2) means-ends objectives.
“Fundamental objectives” are defined as the essential reasons or purposes for
undertaking the CALFED Program.  They answer the basic question “why are we
undertaking the program in the first place?”  Once fundamental program objectives
have been established, the evaluation framework is designed to predict how well
alternative water management strategies will perform in accomplishing these
essential purposes of the program.
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In addition to the establishment of a preliminary hierarchy of fundamental objectives,
networks of means-ends objectives were developed as well.  “Means-ends objectives”
are those objectives that focus on how fundamental objectives can be accomplished.
They answer the basic question “how can we achieve our purposes?”  Much of the
effort expended in the CALFED Program has focused on the identification and
analysis of specific means for the achievement of fundamental objectives.

The evaluation framework makes an important distinction between
those objectives that reflect the fundamental purposes of the program
and those that address the means by which fundamental objectives are
accomplished.  It is not uncommon for decision processes to break
down as a result of a heavy emphasis on means-ends objectives.  The
discussion of surface storage and groundwater storage as elements of a
water management strategy is a good example of a debate over the
“means” of accomplishing fundamental program objectives in a narrow
context.  It is necessary to revisit the underlying purposes of the

program to achieve agreement or closure on the fundamental goals of the decision
before the merits of alternative storage proposals can be evaluated.

Finally, “performance measures” are the indicators or indices of how an alternative or
option performs in achieving fundamental objectives.  Where possible, they should be
quantifiable criteria for assessing how an alternative performs.  Performance
measures should naturally “map” back to the fundamental objectives of the program.

1.4 Interim Findings
Based on the exercise of sorting the extensive array of CALFED objectives into the
distinct categories of (1) fundamental objectives, and (2) means-ends objectives, some
initial conclusions can be drawn.  Overall, for the four primary program elements
(ecosystem restoration, water quality, water supply reliability, and levee protection),
fairly extensive networks of fundamental and means-ends objectives have been
developed.

1.4.1 Conflicting Stakeholder Interpretations of
         Fundamental Objectives
In some cases, stakeholder interpretations of fundamental objectives conflict.  This is
particularly evident in the area of water supply reliability, where stakeholder views
vary regarding the CALFED Program’s role in meeting the water needs of the
beneficial users of water delivered through the Delta.  One view would have the

It is not uncommon for
decision processes to

break down as a result
of a heavy emphasis on

means-ends objectives.
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fundamental objectives of the Program include an explicit commitment to developing
additional water supply for beneficial users.  Another view challenges the concept of
“additional” water and would have fundamental program objectives focus on
reducing the dependency of beneficial users on existing supplies and reallocating
remaining supplies among users.  This conflict leads naturally to a wide divergence of
opinion regarding the means of achieving water supply reliability goals.

While these differences of opinion may not be resolvable in the near-term, there is
general agreement on the appropriate measures for predicting the performance of
alternative strategies relative to water supply reliability.

1.4.2 Integrating the Evaluation with Other Program Elements
Another observation evident from the exercise is that the method of integrating
competing objectives is not well developed.  As expected, in those cases where
fundamental objectives are not in explicit conflict, the means-ends objectives
frequently compete.  In attempting to achieve one fundamental objective it is not
unusual to find potential competition with another objective.  For example, in terms
of water quality and quantity, many of the objectives of environmental, agricultural
and urban water users are achieved using the same resources.

The relationships that exist among competing objectives require the integration of
decision making across all program elements.  Consequently, the effort to develop
fundamental and means-ends objectives was not limited to the water supply
reliability element of the program.  Ultimately, the WMS must be evaluated in terms
of its contribution to the achievement of all CALFED Program objectives.

1.4.3 Recognizing Fundamental Objectives Inherent in the
         Solution Principles
One of the most potentially significant outcomes of the effort to establish an
evaluation framework was recognition that the Solution Principles developed for the
CALFED Program actually represent fundamental objectives for many stakeholders.
The six Solution Principles - reducing conflict, being equitable, affordable, durable,

implementable and avoiding significant redirected impacts - are, for
many, fundamental purposes of the CALFED Program.  A WMS that
does not perform satisfactorily in the context of these principles is not
likely to receive the endorsement or support of most participants and
stakeholders in the CALFED process.

Applying the six Solution Principles appears to be essential to the
evaluation framework.  At the first stakeholder workshop, which
focused on fundamental objectives, every participant (regardless of
the agency or the interest they represented) supported the concept

that a fundamental objective of the CALFED Program should/must be to “protect the
viability of California’s economic sectors.”  It is easy to see this concept reflected in

The Solution Principles

developed for the
CALFED Program

actually represent
fundamental objectives

for many stakeholders.
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the Solution Principles of equitability, affordability, durability, and no significant
redirected impacts.  And yet, these principles and their associated means-ends
objectives and performance measures have not been subjected to the same level of
development and refinement that the four program elements have received.  Figure 1-
1 illustrates the level of development for objectives and performance measures in the
CALFED process.

What are the best means of achieving affordability, durability, or any of the other
solution principles?  This question has not been addressed with the same degree of
thoroughness that has accompanied efforts to identify the means to achieve ecosystem
restoration, water quality improvements, water use efficiency, and levee protection.  It
is reasonable to assume that a successful WMS needs to include program elements
that address these important goals.

In the following report, a number of proposed performance measures are linked with
the accomplishment of the Solution Principles.  For example, measures of cost and
economic impacts for alternative strategies are clearly indicators of success in
achieving the fundamental objectives of equity, affordability, implementability and no
significant redirected impacts.  They are appropriately mapped to those principles
and further highlight the potential gains that could be achieved by addressing the
means of accomplishing Solution Principle objectives explicitly.

Figure 1-1
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1.5 Preliminary Evaluation Framework
As described in the conceptual approach (Section 1.2), the evaluation of alternative
water management strategies involves an iterative process of setting planning
assumptions, creating alternative strategies, and predicting their comparative
performance against established measures.  That process is illustrated in Figure 1-2.

As a starting point, the preference sets established in the Economic Evaluation of
Water Management Alternatives have been shown as examples of the kind of
competing alternatives that will be evaluated.  They each contain different
combinations of tools for achieving overall water supply reliability benefits.

As planning assumptions are refined and the alternative strategies are scored
according to their relative effectiveness in achieving program objectives, it is possible
to recognize the trade-offs that are inherent in various combinations of water
management tools.  This analysis is then available to facilitate the process of
uncovering the WMS that best fits the many competing objectives of the CALFED
Program.  As the effectiveness of water management tools is better understood
through program implementation, this framework can also serve as the basis for on
going Adaptive Management.

Figure 1-2

B
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1.5.1 Planning Assumptions
The ground rules for the evaluation framework are the planning assumptions.  The
planning assumptions established for the evaluation set the context within which
alternatives are expected to perform.  They reflect the external conditions and/or
constraints imposed on the analysis.  Examples of the planning assumptions that will
be used in the evaluation framework include:

� Hydrology;

� Water Use Demands;

� Delta Standards;

� Regulatory Requirements; and

� Other External Conditions or Constraints.

Adjusting the planning assumptions and repeating the analysis also allows for an
assessment of the sensitivity of performance to changing circumstances.  For example,
extreme hydrologic and/or demand conditions may be dealt with more effectively by
some alternatives and less effectively by others.  This sensitivity to changing future
conditions is itself a measure of an alternative’s durability – one of the Solution
Principles.

1.5.2 Alternative Strategies
Alternative strategies represent competing packages that will be available for
consideration by stakeholders and decision-makers.  The alternatives to be evaluated
should include complete and feasible combinations of tools developed to achieve
fundamental program objectives.  The broad categories that will be covered in the
definition of each alternative includes:

� Operating Criteria;

� South Delta Improvements;

� GW Storage;

� Surface Storage;

� Transfers;

� Water Use Efficiency and Recycling;

� EWA Rules;

� Finance Plan; and
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� Other Potential Means.

The alternatives will comprise both the proposed water management tools and the
financial plan associated with its implementation.  In this way, the evaluation can
reflect both the benefits and costs to stakeholders that result with each alternative
strategy.

As mentioned earlier, this framework is intended to provide decision-makers with the
ability to see tradeoffs among alternative approaches.  Consequently, it is an iterative
process designed to accommodate revisions to alternatives and subsequent re-
analysis.  In cases where a specific alternative may display a weakness in terms of its
ability to satisfy fundamental objectives of the program and/or solution principles, an
opportunity presents itself to work creatively towards the development of new
“means” of achieving Program success.

1.5.3 Predictive Performance Measures
Finally, the set of performance measures is, in effect, a score card with which the
alternative strategies can be compared.  The predictive measures developed in Section
3 will be used to describe the comparative performance of each of the alternative
strategies.  These measures are directly related to fundamental program objectives
and solution principles.  In addition to predictive performance measures cited here,
extensive on-going monitoring of actual performance throughout the CALFED
Program elements offers the ability to implement adaptive management, while
continuously improving the reliability of predictive models.
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The CALFED mission

statement embodies the
fundamental objective of

the CALFED program.

Section 2
Objectives of the CALFED Program
This section presents and discusses the objectives of the CALFED Program, including
both fundamental objectives (essential reasons for undertaking the CALFED program)
and means-ends objectives (ways in which the fundamental objectives can be
accomplished).

Documentation of fundamental objectives provides a basis for the development of
evaluative performance measures that can be used in the comparison of alternative
water management strategies.  Means-ends objectives provide the basis for
developing the alternatives themselves. Section 2.1 below reviews the CALFED
mission and describes the primary CALFED program elements.  Sections 2.2 through
2.5 document the objectives of the program elements.  Section 2.6 discusses the
Solution Principles.  Appendix A contains charts illustrating the objectives hierarchies
described below.

2.1 CALFED Mission Statement and Primary
      Program Elements
"The mission of the CALFED Bay-Delta Program is to develop a long-term
comprehensive plan that will restore ecological health and improve water

management for beneficial uses of the Bay-Delta system." 1

This mission statement embodies the fundamental purpose of the
CALFED program, and is the starting point for the hierarchy of
objectives that was documented as part of the WMSEF.  CALFED
has established the following objectives as necessary in fulfilling
this mission:

� Provide good water quality for all beneficial uses;

� Improve and increase aquatic and terrestrial habitats and improve ecological
functions in the Bay-Delta to support sustainable populations of diverse and
valuable plant and animal species;

� Reduce the mismatch between Bay-Delta water supplies and current and projected
beneficial uses dependent on the Bay-Delta system; and

� Reduce the risk to land use and associated economic activities, water supply,
infrastructure and the ecosystem from catastrophic breaching of Delta levees. 2

1 Revised Phase II Report (June 1999), p.6.
2 Revised Phase II Report (June 1999), p.6.
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Four program elements have been developed to achieve these fundamental objectives:
Ecological Restoration; Water Quality; Water Management; and Levee Protection.

2.2 Ecosystem Restoration Program
The Ecosystem Restoration Program (ERP)  is designed to achieve the program
objectives pertaining to the ecological health of the Bay-Delta ecosystem.  Section 2.2.1

below presents the fundamental objectives of the ERP and Section
2.2.2 provides an overview of the means-ends objectives available
for meeting the ERP goals.

The ERP objectives presented here are detailed in a set of
documents comprising the Ecological Restoration Program Plan
(ERPP).  These documents include:

� ERPP Strategic Plan for Ecosystem Restoration (June 1999)

- “The Strategic Plan provides the conceptual framework and process that will
guide the refinement, evaluation, prioritization, implementation, monitoring
and revision of ERP actions.”3

� ERPP Volume I – Ecological Attributes of the San Francisco Bay–Delta Watershed  (June
1999)

- Volume I describes the Bay-Delta ecosystems in detail and describes the
desired outcome of the ERP, providing the basis for ERP actions proposed to
be undertaken.

� ERPP Volume II – Ecological Management Zone Visions (June 1999)

- Volume II defines over 600 specific, prescriptive actions designed to achieve
ERP goals.

� ERPP Maps (June 1999)

2.2.1 ERP Fundamental Objectives
The ERPP is the primary mechanism for recovery and conservation of species covered
by the Multiple Species Conservation Strategy.4  The fundamental objective of the
ERP is to support sustainable populations of plants and animals.  The approach for
addressing this fundamental objective is to restore or mimic ecological processes and
increase or improve aquatic and terrestrial habitats so that they will support diverse
and valuable species.  In the ERPP, the word “restore” is used to encompass
restoration, rehabilitation, protection and conservation.

3 ERPP Strategic Plan for Ecosystem Restoration, p. 1 .
4 Multiple Species Conservation Strategy (June 1999)

The fundamental
objective of the ERP is
to support sustainable
populations of plant and
animals.
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CALFED's six goals for the ERP, as described in the ERPP Strategic Plan,5 elucidate
the desired future condition of Bay-Delta ecosystems and expand the definition of the
fundamental objective.  The six ERP goals are:

1) Achieve recovery of at-risk native species;

2) Rehabilitate natural processes;

3) Maintain and enhance populations of selected species for commercial harvest;

4) Protect or restore functional habitat types;

5) Prevent establishment of additional non-native species and reduce the negative
biological and economic impacts of established non-native species.

6) Improve and maintain water and sediment quality.

As the charts in Appendix A show, those goals may be further defined by an
expanded set of subobjectives.  The expanded set of fundamental objectives describes
the habitat types, species groups, ecosystem attributes and processes on which the
ERP focuses.

2.2.2 ERP Means-Ends Objectives
As noted above, the ERPP describes over 600 programmatic actions designed to meet
ERP objectives.  Each programmatic action is essentially a means-ends objective for
accomplishing fundamental objectives.  The ERPP organizes these means-ends into
four categories, containing actions that:

� Increase habitat;

� Minimize stressors;

� Protect species; and

� Improve processes.

The charts in Appendix A illustrate the subcategories of actions (means-ends
objectives) described in the ERPP and provide references to the ERPP document,
where the reader may find detailed descriptions.

5 See ERPP Strategic Plan for Ecosystem Restoration, pp. 22-25
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2.3 Water Quality Program
As discussed in Section 2.1, another one of the fundamental objectives of CALFED is
to provide good quality water for all beneficial uses.  The Water Quality Program
(WQP) was developed as a corresponding program element.  Section 2.3.1 presents
the hierarchy of fundamental objectives for the WQP and Section 2.3.2 provides an
overview of the means-ends objectives available for meeting those goals.

The WQP objectives presented here are detailed in a technical appendix to the Draft
Programmatic EIS/EIR (June 1999) entitled Water Quality Program Plan (June 1999).  The
vision for the CALFED Water Quality Program is to create water quality conditions
that fully support a healthy and diverse ecosystem and the multiplicity of human uses
of the waters.

2.3.1 Water Quality Program Fundamental Objectives
The further description of the vision in the Water Quality Program Plan (WQPP)
identifies a breakdown into five fundamental objectives for water quality.  The five
identified objectives include:

    1) Improve ecosystem water quality;

2) Improve agricultural use water quality;

3) Improve industrial use water quality;

4) Improve recreational use water quality; and

5) Improve drinking water quality.

As the charts in Appendix A show, these five objectives may be further defined by an
expanded set of subobjectives.  The expanded set of fundamental objectives describes
the types of water quality issues related to water-carried constituents normally found
in Delta waters.  The WQPP includes ten chapters that describe how these
constituents impact water quality in the Delta system.  Each chapter includes an
objective, a summary of existing water quality concerns with the parameter, a
problem statement and a problem description.  The “objective” sections in the WQPP
formed the basis for a number of the subobjectives shown in the fundamental
objectives hierarchy in Appendix A.  Table 2-1 shows the summary of water quality
parameters of concern to beneficial uses that were identified in the WQPP.

2.3.2 Water Quality Program Means-Ends Objectives
The WQPP also includes a description of the implementation strategy for the Water
Quality Program.  This strategy is focused primarily on the first seven years following
the Record of Decision on the programmatic EIS/EIR.  However, the general means-
ends objectives identified for the first seven years will continue to be valid throughout
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Table 2-1

Water Quality Parameters of Concern to Beneficial Uses

Metals and Toxic

Elements

Organics/ Pesticides Disinfection By-

Product Precursors

Other

Cadmium Carbofuran Bromide Ammonia
Copper Chlordane TOC Dissolved Oxygen
Mercury Chlorpyrifos Salinity (TDS,EC)
Selenium DDT Temperature
Zinc Diazinon Turbidity

PCBs Pathogens
Toxaphene Nutrients

pH (Alkalinity)
Chloride
Boron
Toxicity of unknown

origin

Sodium Adsorption

Ratio

Phase III of the CALFED Program.  Specific means-ends objectives will be revised
through adaptive management based on the results of the studies and projects
implemented during the first seven years.

The general means-ends objectives for the WQP include:

� Conduct turbidity and sediment control work;

� Conduct salinity reduction work;

� Identify and remediate metals pollution;

� Conduct nutrient effect studies and implement results;

� Conduct drinking water improvement studies and projects;

� Conduct selenium evaluation and abatement work;

� Conduct sediment control projects to reduce organochlorine pesticides;

� Identify pesticide levels and reduce to non-toxic levels;

� Conduct mercury evaluation and abatement work; and

� Identify unknown toxicity sources.
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The charts in Appendix A illustrate the subcategories of actions (means-ends
objectives) described in the implementation strategy of the WQPP.  Some of the
means-ends objectives are related to one or more of the fundamental objectives listed
on the chart.  The WQPP provides detailed descriptions of the means-ends for the first
seven years of program implementation.

2.4 Levee System Integrity Program
This section addresses the fundamental and means-ends objectives relating to the
Levee System Integrity Program (Levee Program).  The Levee Program includes
objectives and programmatic actions to improve the integrity of the levees within the
Delta and Suisun Marsh. Information regarding the Levee Program has been culled
from the Levee System Integrity Program Plan (June 1999) (Levee Program Plan), which
was a technical appendix to the Draft Programmatic EIS/EIR.

2.4.1 Levee Program Fundamental Objectives
The Levee Program is designed to address the CALFED fundamental objective to
“Reduce the risk to land use and associated economic activities, water supply,
infrastructure and the ecosystem from catastrophic breaching of Delta Levees.”6

The fundamental objectives of the Levee Program are relatively concise and straight-
forward.  The Levee Program Plan focuses primarily on the means-ends objectives
involved in improving the integrity of the levee system to achieve fundamental
objectives.  Appendix A presents the Levee Program fundamental objectives
hierarchy.

2.4.2 Levee Program Means-Ends Objectives
The means-ends objectives in the Levee Program are developed from two sub-
objectives of the fundamental objective:

� Maintain and improve the integrity of the Delta Levee System; and

� Integrate ecosystem restoration and Delta conveyance actions with levee
improvement activities.

The first objective was further defined by five means-ends objectives, from which the
five program elements of the Levee Program were developed.

1) Improve all Delta levees to a uniform base standard (Delta Levee Base Level
Protection Plan).

2) Provide additional flood protection separate from the Base Level Protection
element for Delta islands that protects such public benefits as water quality, the
ecosystem, life and personal property, agricultural production, cultural

6 Levee System Integrity Program Plan (June 1999) p. 1-5.
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resources, recreation, and local and state-wide infrastructure (Delta Levee
Special Improvement Projects).

3) Reduce or eliminate the risk to levee integrity from subsidence
and assist in the coordination of subsidence-related linkages with
other CALFED programs (Delta Levee Subsidence Control Plan).

4) Enhance existing emergency management response capabilities
in order to protect critical Delta resources in the event of a disaster
(Delta Levee Emergency Management and Response Plan).

5) Quantify the risks to Delta levees, evaluate the consequences, and develop an
appropriate risk management strategy (Delta Levee Risk Assessment and Risk
Management Strategy).

The other fundamental objective of the Levee Program (to integrate ecosystem
restoration and water management with the Levee Program) focuses on linkages
between the Levee Program and other CALFED programs.  In some cases, ecosystem
restoration and levee protection conflict where levee protection measures, such as
removal of vegetation, may result in decreased ecosystem quality.  Elements of the
Water Management Strategy also have the potential to impact the Levee Program.
Any changes in conveyance or storage, for example, will affect the hydraulics in the
Delta and consequently affect levee protection and maintenance.

The means-ends objectives for the Levee Program are fully developed in the charts in
Appendix A.

2.5 Water Management Strategy
The Water Management Strategy (WMS) will coordinate and integrate the activities of
several key CALFED program elements in order to help secure sufficient, reliable
water supplies to support environmental, urban and agricultural beneficial uses.
Section 2.5.1 presents the fundamental objectives of the WMS and Section 2.5.2
provides an overview of the means-ends objectives available for meeting the WMS
goals.

The WMS objectives presented can be found in the following documents:

� Water Use Efficiency Program Plan (June 1999)

� Water Transfer Program Plan (June, 1999)

� Watershed Program Plan (June 1999)

� Comprehensive Monitoring Assessment and Review Program Report (June 1999)

The Levee Program
focuses primarily on
means-ends
objectives.
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� Revised Phase II Report (June 1999)

� Economic Evaluation of Water Management Alternatives  (October 1999)

"Although the WMS will serve as a single integration point for developing
programmatic objectives much of the work on refining the WMS is being conducted
within CALFED's eight program elements."7

2.5.1 Water Management Strategy Fundamental Objectives
The primary fundamental objective of the WMS is stated in the program mission
statement:

"Reduce the mismatch between Bay Delta water supplies and current and
projected beneficial uses dependent on the Bay-Delta system."

This statement represents the fundamental objective of broadest concern in
CALFED's approach to water management  decision making.  Appendix A presents a
hierarchy of the fundamental objectives for the WMS.

The Revised Phase II Report further defines the fundamental
objective into subobjectives including:

� Increase the utility of available water supplies (making water
suitable for more uses and reuses);

� Improve access to existing or new water supplies; and

�  Improve the flexibility of managing water supply and demand.8

2.5.2 Water Management Strategy Means-Ends Objectives
The means-ends objectives for the WMS are better developed, although they are the
source of many of the major conflicts regarding the CALFED program. There are
seven primary means-ends objectives for the Water Management Strategy:

1) Water Transfers - redirect water from one use to another on a voluntary
and compensated basis;

2) Water Use Efficiency - ensure that water supply is used efficiently and
results in multiple benefits;

3) Water Storage - implement new storage facilities;

7 Revised Phase II Report (June, 1999) p. 54
8 Revised Phase II Report (June 1999) p. 62.

Means-ends objectives
for the Water
Management Strategy
are the source of many
of the major conflicts
regarding the CALFED
program.
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4) Water Conveyance - improve conveyance options to distribute water;

5) Watershed  Management - encourage broad participation in the CALFED
program by supporting local and regional activities to improve watershed
processes;

6) Water Quality - improve water quality to improve water utility; and

7) Water Supply Operations - improve operational strategies by including
real-time feedback from monitoring program.

A hierarchy of means-ends objectives is presented in Appendix A.  Four of the seven
means-ends objectives are currently supported by individual CALFED program
element plans including Water Transfer Program Plan, Water Use Efficiency Program
Plan, Watershed Management Plan and the Water Quality Program Plan.  Alternative
approaches to storage, conveyance, and water supply operations are evaluated in the
Draft Programmatic EIS/EIR impact analysis.  The Draft Programmatic EIS/EIR includes
many means-ends objectives.

Studies completed and underway under CALFED’s Integrated Storage Investigation
(ISI) will provide additional detail regarding the feasibility of various surface and
ground water storage options as a means for attaining CALFED’s water supply
reliability goals and objectives.   Specifically, the ISI will evaluate surface storage,
groundwater storage, power facility reoperation and the potential for conjunctive
operation of these different types of storage.

2.6 Solution Principles
As described in Section 1, the Revised Phase II Report defines Solution Principles that
must be satisfied by WMS alternatives.  The solution principles are presented as
separate and distinct from the CALFED mission statement.  During the course of the
WMSEF work, it was proposed that the Solution Principles are fundamental
objectives for which means-ends objectives and performance measures have not been
fully developed.  The CALFED Solution Principles are defined as follows:

� Reduce Conflicts in the System: Solutions will reduce major conflicts among beneficial
uses of water.

� Be Equitable: Solutions will focus on solving problems in all problem areas.
Improvements for some problems will not be made without corresponding
improvements for other problems.

� Be Affordable: Solutions will be implementable and maintainable within the
foreseeable resources of the Program and stakeholders.
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� Be Durable: Solutions will have political and economic staying power and will
sustain the resources they were designed to protect and enhance.

� Be Implementable: Solutions will have broad public acceptance and legal feasibility,
and will be timely and relatively simple to implement compared with other
alternatives.

� Have No Significant Redirected Impacts: Solutions will not solve problems in the Bay-
Delta system by redirecting significant negative impacts, when viewed in their
entirety, within the Bay-Delta or to other regions of California.

These principles are critically important to the majority of the stakeholders and
encompass ideas that are central to the CALFED program.
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Section 3
Performance Measures - Indicators of
Success
In order for stakeholders to assess how a particular WMS alternative performs with
respect to their areas of interest, stakeholders must be provided clear, relevant
comparisons of the alternative’s performance relative to other alternatives.
Performance measures are the indicators of the success of an alternative in meeting a
particular fundamental objective.  A comprehensive set of descriptive performance
measures can be considered the "scorecard" or "report card" for an alternative and is
essential for assessing, for each stakeholder, the benefits derived from an alternative
and the potential for tradeoffs among alternatives.  This section describes criteria for
establishing performance measures and presents a summary of proposed
performance measures for each CALFED program.

3.1 Performance Measure Criteria
Performance measures for water management alternatives must provide relevant
information and must be measurable.  If they are to be used in decision making for
long-range planning, performance measures must also be predictive.  Typically,
mathematical models are used to simulate a system and predict its behavior relative
to a particular performance measure.  In the case of the evaluations used to refine
CALFED's WMS, execution of a series of models is required to predict the hydrologic
and economic performance of alternatives.

Measures and indicators are discussed in several CALFED documents,1
but many are monitoring measures, rather than predictive performance
measures.  Monitoring measures are typically used after a project is
implemented to evaluate its success, but generally cannot be used prior to
implementation to predict success.  Performance measurements must be
estimable in advance of the action to be useful during the decision-making
process.

It is generally preferable to have quantitative performance measures (e.g.
the amount of water transferred from a region in thousands of acre-feet
per year).  In many cases, however, a qualitative performance criterion
(e.g. the relative ease of obtaining necessary permits for alternative storage

projects: low; medium; or high) may be all that is available.  This may be sufficient for
stakeholders to distinguish the relative performance of alternatives.

Stakeholders requested an indication of the technical "level of confidence" associated
with predictive performance measures.  A level of confidence recognizes that

1 Comprehensive Monitoring Assessment and Review Program Report (June 1999), Revised
   Phase II Report (June 1999) and the various program plans.

Performance

measurements must
be estimable in

advance of the action
to be useful during
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uncertainties related to future events cannot be predicted perfectly and that some
measures may be predicted with more confidence than others.  Stakeholders also
requested that assumptions used in predicting the alternatives' measurements be
documented clearly.

3.2 Performance Measurement Location
Performance measures associated with alternatives for a large system such as the Bay-
Delta and its tributaries must be viewed at a meaningful geographic level.
Consideration must also be given to the appropriate level of resolution for the
available analytical tools.  For the programmatic level of analyses that are being
conducted for the WMS, a balance must be struck between providing information in a
concise form that can be readily understood and providing sufficient detail to
thoroughly describe potential outcomes of alternative approaches.  Viewing regional
measurements will allow stakeholders to examine performance of alternatives at an
appropriate scale and across regions and sectors.  The CALFED staff will aggregate
and synthesize performance measures from more detailed analyses and data to
produce relevant performance measure information.

For evaluations currently underway to aid in refining the WMS, the following regions
are currently being considered:

� Sacramento River Valley Region;

� Bay-Delta Region;

� San Francisco Bay Region;

� San Joaquin River Valley Region;

� Tulare Basin Region;

� Central and South Coast Region;

� Up-stream water users; and

� System-wide (all of the above combined).

3.3 Predictive Performance Measures
To be useful for refining the WMS, it is necessary that selected performance measures
be limited to those that can be analyzed using currently available predictive models.
Table B-1, Predictive Performance Measures (Appendix B), presents the
recommended performance measures, indicates their relationship with fundamental
objectives and shows the level of confidence associated with the measures.  Levels of
confidence shown in Table B-1 are based on professional judgement, and consider the
certainty of the results from available analytical tools and input data.

Viewing regional

measurements will
allow stakeholders to

examine performance of
alternatives at an

appropriate scale.
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3.4 Detailed Performance Measures
Along with the predictive performance measures described above, Table B-2, Detailed
Performance Measures (Appendix B), presents a set of detailed performance
measures.  Table B-2 includes the measures and indicators described in the various
program plans.  Some of the detailed performance measures duplicate the predictive
measures shown in Table B-1, and are also recommended to be included as
monitoring measures for future decision making and adaptive management.
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Fundamental Objectives
Ecosystem Restoration

Support Sustainable
Populations of

Plants and Animals

Restore Large Expanses of All Habitat Types
(Delta, Suisun Bay, Suisun Marsh, SF Bay)

Restore Large Expanses of Aquatic, Wetland, and Riparian Habitat
(Central Valley and Rivers)

Increase Area of Tidal Marsh

Halt Conversion of Agricultural Land
to Urban and Suburban Uses

Improve Management of Agricultural Lands

Achieve Self-Sustaining
Biotic Communities

Minimize the Need
for Human Intervention

Establish Communities in Which
Natives are Dominant

Reduce Unpredictable Disruptions
to the Ecosystem

Incorporate Humans as
Integral Parts of
the Ecosystem

Maintain an Aesthetically
Pleasing Landscape

Achieve a Workable
Mix of Species

Priority Group I
(ESA or At-Risk Species for Which Major Manipulations Required)

Priority Group II
(At-Risk Species with Limited Habitat Requirements)

Priority Group III
(At-Risk Species in Estuary or SF Bay Watershed)

Priority Group IV
(Species in Estuary or SF Bay Watershed with At-Risk Potential)

Maintain Non-Native Species
at Harvestable, Non-Interference Levels

Maintain Native Species Populations at Levels
Considerably Higher than Those Required to Prevent Extinction

Achieve Recovery of
At-Risk Species

(ERP Goal 1)

Maintain and Enhance
Selected Species for
Harvest (ERP Goal 3)

Rehabilitate
Natural Processes

(ERP Goal 2)

Prevent Establishment
of Additional Non-Native Species

Prevent Spread of, or Eliminate
Population of Non-Native Species

Reduce Biological and Economic
Impacts of Non-Native Invasive Species

Improve and Maintain Water Quality

Improve and Maintain Sediment Quality

Increase Understanding of Toxic Effects

Protect or Restore
Functional Habitat

Types (ERP Goal 4)

Address Non-Native
Species Impacts

(ERP Goal 5)

Eliminate Toxic
Impacts on Organisms

in the System
(ERP Goal 6)EF

Note: The Ecosystem Restoration Program
uses the term “restore” to encompass rehabilitation,
protection, conservation, and restoration.



Means-Ends Objectives
Ecosystem Restoration

Increase Area of Functional Habitat Types

Protect and Restore Historical Habitat Types

Improve Low- to Moderate-Quality Habitat

Preserve Habitat Areas for Special-Status Plants and Wildlife

Stressors Means-Ends (see next page)

Increase March to May Delta Inflow and Outflow
(see Water Management)

Improve Delta Channel Hydraulics
(see Water Management.)

Improve Delta Aquatic Food Web
(see Processes)

Reduce Effects of Water Diversions
(see Stressors)

Reduce Effects of Water Contaminants
(see Water Quality and Stressors)

Increase Area and Distribution of Habitats
(see Habitats)

Control Central Valley Stream Flows
to Approach the Natural Season Delta Outflow

Increase Estuarine Productivity

Restore Coarse Sediment Supply

Reestablish Frequent Inundation of Floodplains

Create Flow and Temperature Regimes
that Favor Native Species

Restore, Rehabilitate, and Maintain
an Appropriate Hydraulic Regime

Manage Channels to Create and Maintain
In-Channel Islands and Shallow Water Habitat

Increase Habitats

Improve Processes

Protect Species

Minimize Stressors

See ERPP Volume II pages:
88-102; 137-143; 179-181;
209; 225; 235-237; 262-264;
292-294; 327-329; 349-350;
374-377; 399-401; 440-442;
457

See ERPP Volume II pages:
82-88; 136; 175-179;
206-209; 222-224; 234;
260-262; 287-292; 320-327;
347-349; 369-374; 396-399;
433-440; 456-457

See ERPP Volume II
pp. 15-47. Table 2 (pp.41-47)
shows a summary matrix of
programmatic actions (means)
by zone, by species.

EM

Support Sustainable
Populations of

Plants and Animals

Achieve Recovery of
At-Risk Species

(ERP Goal 1)

Maintain and Enhance
Selected Species for
Harvest (ERP Goal 3)

Rehabilitate
Natural Processes

(ERP Goal 2)

Protect or Restore
Functional Habitat

Types (ERP Goal 4)

Address Non-Native
Species Impacts

(ERP Goal 5)

Eliminate Toxic
Impacts on Organisms

in the System
(ERP Goal 6)



Means-Ends Objectives
Ecosystem Restoration (cont.)

Reduce Concentrations and Loading of Contaminants
(see Water Quality Means)

Means that Address Water Contaminants

Means that Address Non-Native Species

Other Means for Eliminating Stressors

Reduce or Eliminate Stranding

Change Role of Trout Hatchery and Planting Programs
to Better Match CALFED Goals

Develop Regional Plans to Reduce the Effects
of Nonpoint Source Contaminants (see Water Quality Means)

Reduce Unnaturally High Predation Levels

Reduce Human Activities that have Adverse Effects

Provide Flow Releases in Regulated Streams

Reduce the Release of Oxygen-Depleting Substances
in Aquatic Systems (see Water Quality Means)

Alter Chinook and Steelhead Augmentation Practices
in Light of CALFED Goals

Reduce Entrainment of Fish

Reduce Impacts of Dredging Activities

Eliminate Use of Imported Marine Baits

Halt Introduction of Freshwater Bait Organisms

Focus Non-Native Species Control Efforts
Where Most Feasible and Beneficial

Halt Deliberate Introduction
of Potentially Harmful Species

Halt Introduction of Invasive Plants

Halt Release and Spread
of Aquarium and Pet Organisms

Reduce Impact of Non-Native Mammals
on Native Birds and Mammals

Prevent Invasion of Zebra Mussel

Stressors Means-Ends

See ERPP Volume II pages:
102-108; 143-147; 181-188;
209-213; 225-226; 237;
265-267; 294-298; 329-332;
350-352; 377-380; 402-404;
442-445; 458



Fundamental Objectives
Water Quality

Improve Water Quality
Conditions to Fully

Support a Healthy and
Diverse Ecosystem
and the Multiplicity

of Human Uses

Improve
Ecosystem

Water Quality

Improve
Agricultural Use
Water Quality

Improve
Industrial Use
Water Quality

Improve
Recreational Use

Water Quality

Improve
Drinking Water

Quality

Minimize Metals Concentrations

Minimize Nutrient Concentrations

Reduce Unknown Toxicity Effects

Minimize Pesticide Concentrations

Provide Adequate Bedload/Sediment Supply

Provide Optimal Turbidity

Minimize Dissolved Minerals (Salinity) Concentrations

Minimize Boron Concentrations

Achieve Appropriate Sodium Absorption Ratio
to Avoid Soil Impermeability

Minimize Salinity Concentrations

Minimize Metals Concentrations

Minimize Nutrients Concentrations

Minimize or Eliminate Pathogens

Minimize Nutrients Concentrations

Minimize or Eliminate Pathogens

Minimize Turbidity

Minimize Bromide Concentrations

Minimize TOC Concentrations

Minimize Nutrients Concentrations

Minimize Salinity Concentrations

Provide Water and Sediments
Free of Toxicity
to all Species

Provide Sufficient DO
to Make Habitats Livable

Provide Suspended
Solids Loading

Appropriate to Ecosystem

Create No Toxic Effects
to Soils or Sensitive Plants

Minimize Mineral Deposits
in Facilities

Avoid Pretreatment

Maximize Potential
for Recycling

Provide Protection
from Human and

Animal Contamination

Enhance Aesthetic Value
by Algae Bloom

Reduction

Maximize Ability to Meet
Standards for Public Health

Maximize Potential
for Recycling

QF



Enhance Aesthetic Value
by Algae Bloom

Reduction

Maximize Potential
for Recycling

Means-Ends Objectives
Water Quality

Improve Water Quality
Conditions to Fully

Support a Healthy and
Diverse Ecosystem
and the Multiplicity

of Human Uses

Improve
Ecosystem

Water Quality

Improve
Agricultural Use
Water Quality

Improve
Industrial Use
Water Quality

Improve
Recreational Use

Water Quality

Improve
Drinking Water

Quality

Conduct Turbidity and Sediment Control Work

Identify Unknown Toxicity Sources

Conduct Mercury Evaluation and Abatement Work

Identify Pesticide Levels and Reduce to Non-Toxic Levels

Conduct Sediment Control Projects to
Reduce Organochlorine Pesticides

Conduct Selenium Evaluation and Abatement Work

Identify and Remediate Metals Pollution

Conduct Nutrient Effect Studies and Implement Results

Conduct Salinity Reduction Work

Identify and Remediate Metals Pollution

Conduct Nutrient Effect Studies and Implement Results

Conduct Drinking Water Improvement Studies and Projects

Identify and Remediate Metals pollution

Conduct Salinity Reduction Work

Provide Suspended
Solids Loading

Appropriate to Ecosystem

Provide Water and Sediments
Free of Toxicity
to all Species

Provide Sufficient DO
to Make Habitats Livable

Create No Toxic Effects
to Soils or Sensitive Plants

Minimize Mineral Deposits
in Facilities

Avoid Pretreatment

Provide Protection
from Human and

Animal Contamination

Maximize Ability to Meet
Standards for Public Health

Maximize Potential
for Recycling

QM



Fundamental Objectives
Water Management

Reduce Mismatch Between
Water Supply and Water

Demand by Beneficial Uses

Increase Utility of
Available Water Supply

Ensure that Water Supplies are Used Efficiently

Improve Access
to Existing or New

Water Supplies

Agricultural

Environmental

Urban

Improve Flexibility
of Managing Water

Supply and Demand

Reduce Conflicts Between Beneficial Uses

Improve Access to Water Supplies

Decrease System Vulnerability

SF



Means-Ends Objectives
Water Management

Reduce Mismatch
Between Water Supply

and Water Demand
by Beneficial Uses

Increase Utility of
Available

Water Supply

Improve Access to
Existing or New
Water Supplies

Improve Flexibility of
Managing Water

Supply and Demand

Assess Incoming Monitoring and Research Activities
to Correlate Information

Research Questions Generated from Assessment
to Further Understand the System

Monitor Physical, Chemical, and Biological Attributes of the
Resources and Social and Economic Attributes of

Associated Human Activities (see CMARP pp.26-30)

Improve Water Quality
to Improve Water Utility
(Water Quality Program)

See Water Quality program Means/Ends Objectives

Examine Third-party Impacts Related to Environmental,
Socio-Economic, and Water Resource Protection

(WTPP pp. 4-3 to 4-9)

Create Technical, Operational, and Administrative
Rules (WTPP pp. 4-9 to 4-13)

Examine Wheeling Opportunities and Enure Access
to Federal and State Conveyance Facilities

(WTPP pp. 4-9 to 4-13)

Redirect Water from One Use
to Another on a Voluntary
and Compensated Basis
(Water Transfer Program)

Establish Quantifiable Objectives for
Conservation and Recycling

Offer Support and Incentives for Recycling and Agricultural,
Urban, and Managed Wetlands Conservation

If Objectives are Not Met,
Re-Evaluate Objectives and Management Options

Monitor Progress toward Objectives

Ensure that Water Supply
is Used Efficiently and

Results in Multiple Benefits
(Water Use Efficiency Program)

Implement GW Storage/Conjunctive Use
(Phase II p. 89 for site list)

Construct Surface Storage (Phase II p. 91 for site list)

Perform Integrated Storage Investigation

Implement
New Storage Facilities

(Storage Program)

Improve Delta Conveyance by Dredging Existing Channels

Implement Fish Screening at Strategic Locations

Examine Points of Diversion

Replace Temporary Barriers and Monitor Barrier Performance

Improve Conveyance Options
to Distribute Water

(Conveyance Program)

Coordinate Government Agencies, Other Organizations,
and Local Watershed Groups (WPP pp. 2-3 to 2-7)

Develop Watershed Monitoring and
Assessment Protocols (WWP pp. 2-7 to 2-9)

Integrate and Collaborate with Other CALFED
Programs (WPP pp. 2-13 to 2-14)

Integrate Relationships between Watershed Processes
and CALFED Goals (WPP pp. 2-14 to 2-17)

Support Education and Outreach (WPP pp. 2-9 to 2-13)
Reduce Natural and Pollutant

Loads in Waterways
(Watershed Program)

Improve Operational Strategies
by Including Real Time

Feedback from
Monitoring Program (CMARP)

SM

See Phase II Report for
Complete Action List



Fundamental Objectives
Levee Protection

Reduce Risk to Land Use,
Water Supply, Infrastructure,

and Ecosystem from a
Catastrophic Levee Breach

Maintain and Improve the Integrity
of the Delta Levee System

Integrate Ecosystem Restoration and
Delta Conveyance Actions

with Levee Improvement Activities

LF



Means-Ends Objectives
Levee Protection

Reduce Risk to
Land Use, Water

Supply, Infrastructure,
and Ecosystem from

a Catastrophic
Levee Breach

Maintain and Improve
the Integrity of the

Delta Levee System

Integrate Ecosystem
Restoration and Delta
Conveyance Actions

with Levee
Improvement Activities

Improve all Delta Levees
to a Uniform Base Level

Standard

Improve Delta Levee System to Meet PL 84-99 Criteria

Routinely Inspect and Maintain All Delta Levees

Reduce Funding Problems

Coordinate the Permitting Process

Examine Linkages Between
Levee System Integrity and

Water Storage and
Conveyance Modifications

Resolve Dredge Permitting Issues to Benefit Both Programs

Evaluate Hydraulic Impacts on Levees Created by
Water Storage and Conveyance Modifications

Reduce Funding Problems

Coordinate the Permitting Process

Establish Levee Stability Commensurate
with the Benefits that the Levees ProtectProvide Additional Flood

Protection for Delta Islands
that protects Public Benefits

Improve the Permitting Process

Reduce, Eliminate, or Reverse Subsidence
Adjacent to Affected Levees

Coordinate Subsidence-Related Linkages
with Other CALFED Programs

Reduce or Eliminate
the Risk to Levee Integrity

from Subsidence

Develop a Stable Funding Source for Emergency Response

Develop the Capability to Respond to Multiple
Concurrent Levee Breaks Efficiently

Enhance Existing
Emergency Management

Response Capabilities

Quantify Risks of Failure

Evaluate Consequences of Failure

Develop Risk Management Strategy

Develop Understanding
and Approach for

Levee Risk Management

Reduce Conflicts Between
Levee Maintenance Activities
and Ecosystem Restoration

LM
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B-1

Table B-1  Predictive Performance Measures
Fundamental Objectives Performance Measures (units) Level of

Confidence1

Ecosystem Restoration

Protect or restore functional habitat
(ERP Goal 4)

Level of investment as defined by the ERP ($/year)
Changes in habitat due to water facility construction (acres)
See detailed ERP list Table C-2

High
High

Address non-native species impacts
(ERP Goal 5)

Level of investment as defined by the ERP ($/year)
See detailed ERP list Table C-2

High

Eliminate toxic impacts on organisms in
the system
(ERP Goal 6)

Level of investment as defined by the ERP ($/year)
See detailed ERP list Table C-2

High

Achieve recovery of at-risk species
(ERP Goal 1)

Level of investment as defined by the ERP ($/year)
Stream temperature (Deg F)
Stream flow above minimum requirements (cu-ft/sec)
Period pumping curtailed to reduce entrainment (days)
Changes in habitat due to water facility construction (acres)
See detailed ERP list Table C-2

High
Low
High

Medium
High

Maintain and enhance selected species
for harvest
(ERP Goal 3)

Level of investment as defined by the ERP ($/year)
See detailed ERP list Table C-2

High

Rehabilitate natural processes
(ERP Goal 2)

Level of investment as defined by the ERP ($/year)
X2 location (River mile)
Stream temperature (Deg F)
Stream flow rates (cu-ft/sec)
See detailed ERP list Table C-2

High
High
Low
High

Water Quality

Improve ecosystem quality Level of investment ($/year)
Stream temperature (Deg F)
Total Exports (acre-ft/year)
X2 Location (river mile)

High
Low
High
High

Improve agricultural use water quality Salinity (mg/L) Varies

Improve industrial use water  quality Salinity(mg/L)
Total water management costs ($/year)

High
High

Improve recreational use water quality

Improve drinking water quality Salinity (mg/L)
Bromide (mg/L)
Total Organic Carbon (mg/L)
Total water management costs ($/year)

Varies
Medium

Low
High
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Table B-1  Predictive Performance Measures (cont.)
Fundamental Objectives Performance Measures (units) Level of

Confidence1

Levee Protection

Improve Delta levees to uniform standard Level of investment ($/year)
See detailed Levee Protection list Table C-2

High

Provide additional flood protection for
Delta Islands

Level of investment ($/year)
See detailed Levee Protection list Table C-2

High

Reduce or eliminate risk to levee
integrity from subsidence

Enhance existing emergency response
capabilities

Develop understanding and approach
for levee risk management

Examine linkages between levee
integrity and storage and conveyance

Reduce conflicts between levee
maintenance and ERP

Water Supply Performance Measures - Detailed List of Available Predictive General Measures
Objective:  Reduce mismatch between water supply and demand by beneficial uses

Costs Total costs system-wide ($)
Annualized costs system-wide ($/year)
Allocation of costs system-wide ($/Sector)
Urban shortage costs ($/year)
Local urban option costs ($/year)
Water Treatment Costs ($/year)
Change in agricultural production ($/year)
Change in groundwater costs ($/year)
Employment effects ($)
Cost of agricultural conservation measures ($/acre)
Land Values ($/acre)

High
High

Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium

Low
Water supply delivery measures Frequency of shortage (#/ year)

Magnitude of shortage (TAF, % of total)
Time to recover from shortage (years)
Long-term average -- 50% exceedance (TAF)
Dry and critical average -- 80% exceedance (TAF)
Percent of demand targets (%)

High
High
High
High
High
High

Water transfer market measures Amounts transferred from each region (TAF)
Amounts received by each region (TAF)
Total regional supply made up with transfers (%)
Allocation of transfers from region to destination (TAF)
Economic marginal value of water transferred ($/TAF)

Medium
Medium
Medium
Medium
Medium

Conservation measures Local urban options implemented (TAF/ technology type)
Level of agricultural conservation implemented (TAF)

Medium
Low

Adaptability measures Increments of capital investment required ($/year)
Ease of modifying water management strategy
     based on new observed information (qualitative)
Ability to measure performance (qualitative)

High

Low
Low

Groundwater measures Change in regional groundwater levels (feet)
Overdraft status (TAF/year)
Salt loading (pounds/acre/year)

Medium
Medium

Low
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Table B-1  Predictive Performance Measures (cont.)
Fundamental Objectives Performance Measures (units) Level of

Confidence1

Solution Principles Performance Measures
Reduce conflicts in the system.  Solutions
will reduce major conflicts among
beneficial uses of water.

Be equitable. Solutions will focus on
solving prolems in all problem areas.
Improvements for some problems will not
be made without corresponding
improvements for other problems.

Allocation of costs for actions taken ($/year)
Allocation of benefits ($/years)

Medium
Medium

Be affordable.  Solutions will be
implementable and maintainable within
the foreseeable resources of the Program
and stakeholders.

Total and annualized costs ($, $/year)
Allocation of costs and benefits by sector and region ($)
Increments of capital investment required ($)
Transfer market price ($/acre-ft)
Cost of water treatment ($/acre-ft)

High
Medium

High
Low

Medium

Be durable.  Solutions will have political
and economic staying power and will
sustain the resources they were designed
to protect and enhance.

Long-term average (TAF, %)
Ease of modifying strategy based on new information (qualitative)

High
Low

Be implementable.  Solutions will have
broad public aceptance and legal
feasibility, and will be timely and relatively
simple to implement compared with other
alternatives.

Have no significant redirected impacts.
Solutions will not solve problems in the
Bay-Delta system by redirecting
significant negative impacts, when viewed
in their entirety, within the Bay-Delta or to
other regions of California.

Regional employment effects ($/year)
Change in acres in regional agricultural production (acres)
Change in regional crop mix  (acres/crop type)
Change in regional urban costs ($/year)

Medium
Medium
Medium
Medium

Notes:

1 Level of confidence is an indicator of the relative accuracy of analytical procedures

  TAF = thousand acre-feet
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Table B-2  Detailed Performance Measures
Fundamental Objectives Performance Measures (units)

Ecosystem Restoration

Restore large expanses of all habitat
types  (Delta, Suisun Bay, Suisun Marsh,
SF Bay)

Area restored (acres), length restored (linear miles)

Restore large expanses of aquatic,
wetland & riparian habitat (Central Valley
& Rivers)

Area restored (acres)

Increase area of tidal marsh Area restored (acres)

Halt conversion of agricultural land to
urban & suburban uses

Area converted from agricultural uses to urban and suburban
uses (acres)

Protect or restore
functional habitat
(ERP Goal 4)

Improve management of agricultural
lands

Area of agricultural land under cooperative management
programs (acres)

Prevent establishment of additional non-
native species

Number of new non-native species (#)

Prevent spread of, or eliminate
population of non-native species

Number of non-native species (#)

Address non-native
species impacts
(ERP Goal 5)

Reduce biological and economic impacts
of non-native invasive species

Improve and maintain water quality (See water quality measures)

Improve and maintain sediment quality (See water quality measures)

Eliminate toxic
impacts on
organisms in the
system (ERP Goal
6) Increase understanding of toxic effects Number of studies (#)

Priority Group I (ESA or at-risk species
for which major manipulations required)

Distribution (catches in various zones) and abundance
(numbers or total catch); median number; mean population (#);
survival rate (ratio)

Priority Group II (at-risk species w/
limited habitat requirements)

Population, number of breeding pairs, number of populations
(#) high-priority plant species habitat protected (acres)

Priority Group III (at-risk species in
estuary or SF Bay watershed)

Population, number of breeding pairs, number of populations,
number of habitat sites or acres provided (#)

Achieve recovery
of at-risk species
(ERP Goal 1)

Priority Group IV (Species in estuary or
SF Bay watershed w/at-risk potential))

Abundance index, distribution (#), area of habitat restored
(acres)

Maintain native species populations at
levels considerably higher than those
required to prevent extinction

Abundance index, distribution (#)Maintain and
enhance selected
species for harvest
(ERP Goal 3) Maintain non-native species at

harvestable,  non-interference levels
Abundance index, distribution (#)
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Table B-2  Detailed Performance Measures (cont.)
Fundamental Objectives Performance Measures (units)

Ecosystem Restoration (cont.)

Minimize the need for human
intervention

Number of actions required (#)

Establish communities in which natives
are dominant

Ratio of native abundance index: non-native abundance index

Reduce unpredictable disruptions to the
ecosystem

Maintaining an aesthetically pleasing
landscape

Rehabilitate natural
processes (ERP
Goal 2)

Achieve a workable mix of species
Water Quality

Metals concentrations in water (mg/L), sediments (mg/kg) and
fish tissue (µg/g) at specified locations

Nitrate and ammonia concentrations (mg/L) at specified
locations

Chronic toxicity and acute toxicity levels west of Antioch Bridge

Pesticide concentrations in water (mg/L), sediments (mg/kg)
and fish tissue (µg/g) at specified locations

Provide water and sediments free of
toxicity to all species

Maximum daily temperature (degrees)

Dissolved oxygen concentrations (mg/L) at specified locationsProvide sufficient DO to make habitats
livable

Biochemical oxygen demand concentrations (mg/L) at specified
locations

Bedload sediment concentrations (mg/L)

Improve
Ecosystem Quality

Provide suspended solids loading
appropriate to ecosystem Water column turbidity (NTU) in Delta

Monthly average TDS concentrations (mg/L) at Ag intakes in
Delta,   Maximum conductivity (µmhos/cm) for Sacramento and
San Joaquin Rivers

Boron concentrations at Ag intakes in Delta   Monthly mean
boron concentrations (mg/L) San Joaquin River

Improve
Agricultural Use
Water Quality

Create no toxic effects to soils or
sensitive plants

Sodium adsorption ratio at specified locations

Minimize mineral deposits in facilities Salinity concentrations at specified locations (ppt)

Metals concentrations (mg/L) at specified locationsAvoid need for pretreatment

Nutrient concentrations (mg/L)at specified locations

Improve Industrial
Use Water  Quality

Maximize potential for recycling Salinity concentrations at specified locations (ppt)

Prevent human and animal
contamination

Pathogen counts (#/100 mL)Improve
Recreational Use
Water Quality Enhance aesthetic value by algae bloom

reduction
Nutrient concentrations (mg/L) at specified locations

Pathogen counts (#/100 mL)

Turbidity levels at specified locations (NTU)

Bromide concentrations (mg/L) at specified locations

TOC concentrations (mg/L) at specified locations

Maximize ability to meet standards for
public health

Nitrate and ammonia concentrations (mg/L) at specified
locations

Improve Drinking
Water Quality

Maximize potential for recycling 10 year average and monthly average maximum TDS
concentrations in Delta
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Table B-2  Detailed Performance Measures (cont.)
Fundamental Objectives Performance Measures (units)

Water Supply

Change in groundwater levels (feet)

Costs due to change in groundwater pumping ($)

Groundwater overdraft status (Ac-ft/yr)

Groundwater salt loading (lbs/ac)

Urban conservation:  local option implementation

Agricultural conservation:  level of conservation
implemented

Amounts transferred by region (Ac-ft/yr), ($)

Amounts received by region (Ac-ft/yr), ($)

Percentage of total regional supply made up with
transfers (%)

Increase utility of available water supply

Allocation of transfers from region to destination

Long-term average deliveries (50% exceedance)

Dry and critical average deliveries (80% exceedance)

Improve access to existing or new water
supplies

Water supply deliveries as percent of demand targets (%)

Amount delivered by location (Ac-ft)

Number and frequency of shortages over planning
period (#/yr)

Magnitude of shortages (Ac-ft or % of demand)

Reduce mismatch
between water
supply and water
demand by
beneficial uses

Improve flexibility of managing water
supply and demand

Time to recover from shortages (months)
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Table B-2  Detailed Performance Measures (cont.)
Fundamental Objectives Performance Measures (units)

Levee Protection

Initial levee improvements Total length of levees meeting USACE PL 84-99 standards
(miles)

Inspect and maintain levees Length of levees maintained to meet USACE  PL 84-99
Maintenance Standards (miles)

Reduce funding problems Amount of funding received  ($/year) and time required to
receive funding (months)

Improve Delta
Levees to uniform
standard

Coordinate permitting process Time required for regulatory agencies to coordinate and issue
all permits (months)

Additionally improve levees based on
protected value

Property damage estimates ($)

Reduce funding problems Amount of funding received  ($/year) and time required to
receive funding (months)

Provide additional
flood protection for
Delta Islands that
protects public
benefits

Coordinate permitting process Time required for regulatory agencies to coordinate and issue
all permits (months)

Reduce subsidence adjacent to levees Rate of subsidence adjacent to levees (inches/year) and Zone
of Influence (ZOI) (feet), groundwater levels (feet)

Improve the permitting process Time required for regulatory agencies to coordinate and issue
all permits (months)

Reduce or
eliminate risk to
levee integrity from
subsidence

Coordinate linkages with other CALFED
programs

Rate of inner island subsidence (inches/year)

Develop capability to respond to multiple
breaks

Equipment and operators (type and number of units), material
stockpiles (number of locations and cubic feet), available labor
(# of personnel)

Enhance existing
emergency
response
capabilities Develop funding for emergency

response
Funding available for emergency response ($/year)

Quantify risks of seismic levee failures Levee failures due to liquefaction (# per 100 miles)

Quantify risks of  levee failures due to
overtopping, seepage, subsidence

Levee failures  (# per 100 miles)

Develop
understanding and
approach for levee
risk management

Evaluate consequences of levee failures Property damage estimates ($)

Resolve dredge permitting issues Dredge permits issued (#) and processing time (months)Examine linkages
between levee
integrity and
storage and
conveyance

Evaluate hydraulic impacts on levees
from storage and conveyance
modifications

Water level for levee improvements (ft)

Reduce conflicts
between levee
maintenance and
ERP

N/A


